ABSTRACT Detection of spinal cord injury (SCI) is one of the major problems in MRI images to detect the affected portion of spinal cord regions using feature sets. Automatic detection of spinal cord atrophy is complex due to change in structure, size, and white matter. Delineating gray matter and white matter are the essential factors that influence the detection of spinal cord atrophy and its severity. Automatic segmentation and classification are accurate methods for detecting the severity of the SCI. Hierarchical segmentation, partitioning segmentation, graph, and watershed segmentation methods are used to find the SCI segments in static fixed positions. Also, these segmentation models result in a high false positive rate due to over segmentation features and noise in the segmented regions. Furthermore, these classification methods fail to segment and detect the severity level in the affected region due to over segmentation. In order to overcome these issues, a novel segment-based classification model is required to find the severity of the injury and to predict the disease patterns on the over segmented regions and features. In the present model, a hybrid image threshold technique is used to segment the spinal cord regions for non-linear SVM classification approach. Among the traditional feature segmentation-based classification models, the proposed thresholdbased non-linear SVM has better accuracy for SCI detection. The results proved that the present model is more efficient than the earlier approaches in terms of true positive rate (TP = 0.9783) and accuracy (0.9683).
I. INTRODUCTION
According to the World Health Organization (WHO), every year around the globe between 2,50000 to 5,00000 patients suffering from a spinal cord injury which is a serious global health problem [1] . SCI is the fourth leading cause of death worldwide, with the mortality rate estimated to rise to the third-highest position by 2030. The process of diagnostic imaging plays a vital role during the diagnosis of spinal cord injury. The spinal cord injury mostly occurs due to trauma from falls or accidents. Generally spinal cord sequences are captured by using T1-weighted and T2-weighted regions. They are used to determine the brightness and contrast of the spinal cord tissue. T-1 weighted image is produced by short Time to echo (TE) and Repetition time (RT) whereas T-2 image is produced by long TE and RT. In case of ischemia, the T2 weighted modifications cannot be noticed
The associate editor coordinating the review of this manuscript and approving it for publication was Wenbing Zhao. immediately after the injury as shown in fig 1 . But, in case of spinal cord injury, we can find hyper-intensity on T2 weighted imaging. Therefore, the T2 weighted imaging is considered the most effective diagnosis process in the preliminary stage [2] . The hyper-intensity is caused due to cytotoxic and vasogenic edema which may lead to hemorrhage. T2 * is the extended version of the traditional T2 weighted imaging technique [3] . Both these techniques are not efficient for the diagnosis of spinal cord injury.
Diffusion weighted magnetic resonance imaging technique [4] is better in terms of diagnostic efficiency as compared to T2 weighted imaging method. Spinal cord injury is specifically a neurological injury which may lead to dangerous medical, emotional damage. Recently, magnetic resonance imaging schemes are implemented in order to analyze the soft tissue of spinal cord injury. Most of the traditional edema and hemorrhage features in spinal cord can be analyzed more accurately with the help of magnetic resonance imaging technique. According to a recent survey, the spinal cord edema and hemorrhage interstitial fibrosis are considered as a significant modification in case of signal intensity. But these symptoms are not always helpful in the prediction of functional changes.
Image segmentation is considered an important phase in the domain of computer vision and image analysis. The prime objective of this approach is to isolate the image plane into a number of non-overlapping regions. Here, the number of thresholds can be varied according to the feature space. In most of the real time applications, multilevel thresholding technique is implemented to minimize the error rate and to improve the accuracy. In the multilevel thresholding technique, the histogram of a particular image is decomposed into different groups and a particular intensity value is allocated to each individual group. L. Guo et al., proposed a guided filter approach to segment the image features into non-overlapping regions [2] . In order to detect the optimal thresholds, parametric and nonparametric techniques. are mostly preferred: For every individual class, statistical parameters are estimated depending upon initial conditions. In non-parametric techniques, threshold values are evaluated through optimization of criteria such as maximization of class variance or entropy measures. This approach is considered the most popular approach to achieve segmentation. An advanced thresholding approach can be implemented in a spinal cord injury (SCI) image as well as for detecting lesions within the brain.
V. K. Bohat implemented an advanced heuristic approach for multilevel thresholding of images [3] . Multilevel image thresholding is used to separate interesting objects from their non-interesting background. The major objective of this approach is to enhance the capability of the algorithm in order to eliminate the local optimum. Md. H. Merzban et al., developed an effective solution of Otsu multilevel image thresholding [4] which has a wide range of applications in the field of image enhancement and image segmentation. One of the most popular criteria is the Otsu criterion which considers the maximization of inter class variance technique. In this paper, they presented a dynamic programming approach to develop an appropriate solution for the above issue. K. P. Baby Resma et al., introduced a multilevel thresholding approach in order to carry out the process of image segmentation with the help of Krill Herd optimization approach [5] . In this work, they presented a multilevel thresholding technique with the help of a meta-heuristic krill herd optimization approach. N. Tang, et al., proposed a new unsupervised pixel wise classification technique [6] . The automatic segmentation process of Chaetoceros is the most difficult challenge. They emphasized on the unsupervised pixel wise classification technique. Initially, both positive and negative samples are generated automatically. B. D. Leener, et al., developed a spinal cord toolbox and termed it SCT [7] . It is basically open source software that is required for the processing of spinal cord MRI data. I. K. Kallel, et al., presented an iterative probabilistic knowledge diffusion technique for medical image segmentation [8] .
In this work, they introduced an efficient image segmentation approach by considering the probabilistic knowledge modeling approaches. S. Agrawal, et al., introduced a new technique for automatic absolute intensity difference-based approach in optimal magnetic resonance of brain image thresholding [9] . M. Beauchemin developed a new method of image thresholding which completely depends upon theories of semi-variance [10] . In this work, a new algorithm is included in order to carry out the process of image thresholding. M. D. Budde and N. P. Skinner presented a diffusion MRI approach in cases of acute nervous system damage [11] . Diffusion weighted magnetic resonance (DWI) imaging is highly efficient in identifying the changes by caused injury. This approach is mostly implemented by to identify cases of cerebral ischemia. T. Carlsted and L. Havton emphasized on longitudinal spinal cord injury [12] . Spinal cord injury in human being specifically the nerve root avulsion injury is considered in this paper. They have performed different experiments to rescue spinal cord nerve cells and heal the spinal cord circuits. P. Chakrawarty and G. Bhatnagar focused on a new image thresholding approach that completely depends upon the local activity feature matrix [13] . The major objective of this technique is to produce a local activity feature matrix in spinal cord detection process.
M. M. D'souza, et al., implemented a diffusion tensor magnetic resonance imaging in case of spinal cord injury [14] . H. Fan, et al., developed an advanced automatic segmentation technique for dermoscopy images with the help of saliency and Otsu threshold [15] . The process of segmentation is considered the most vital phase for CAD diagnosis of skin cancer. T. Y. Goh, et al., studied the issues and limitations of traditional image thresholding and segmentation models in medical image processing [16] .
C. Gros, et al., proposed an automated spinal cord localization to improve the MRI contrasts by using global curve optimization approach [17] . Y. Guo, et al. proposed a new image thresholding approach that completely depends upon neutrosophic similarity score [18] . Noise is considered a type of indeterminate information in case of images. Hence, the above technique can be implemented in image processing and computer vision research.M. Habba, et al. proposed a Gini index-based evaluation criterion for image segmentation [19] . Most of these approaches are subjective in nature and are inefficient to analyses the performance of various VOLUME 7, 2019 kinds of segmentation processes. L. He and S. Huang presented an advanced version of traditional firefly approach that exclusively depends upon multilevel thresholding in color image segmentation process [20] . The prime objective of this algorithm is to detect the optimal multilevel threshold values in case of color images. They employed minimum cross entropy, Kapur's entropy, and feature variation approach as objective functions. In this method, chaotic maps play a significant role during the initialization phase of firefly population. In other words, it is responsible for improvising the diversification.
A. K. Md Khairuzzaman et al., presented a new multilevel thresholding approach with the help of grey wolf optimizer in image segmentation process [21] . Z. Li, et al., developed a new statistical image thresholding and classification scheme for medical image processing [22] . The conventional statistical thresholding approaches are independent of dynamic parameter optimization during the segmentation phase. L. Li, et al., proposed an unsupervised image co-segmentation approach for spinal cord image injury detection [23] . In this approach different segmented features with common structures are identified for injury detection. J. Li, et al., presented a new multilevel thresholding selection scheme that depends upon variational mode decomposition in case of image segmentation [24] . This technique is implemented to split the histogram regions into different submodes. Q. Lin and C. implemented a T sallis entropy based long-range correlation process [25] . Y. Liu, et al., proposed a kernel-based metric for image segmentation process [26] . The segmentation process of noisy images is considered a difficult and complex task in medical image processing. In this paper, they presented a robust variational level set model to perform the image segmentation. They included a kernel metric based on radial basis function instead of data fidelity metric for segmentation process.
H. Min, et al., proposed an efficient local regional approach that depends upon salient fitting of image segmentation process [27] . H. Mittal et al., introduced an optimum multilevel image thresholding segmentation with the help of non-local histogram and exponential K based gravitational search approach [28] . U. Mlakar, et al., presented a hybrid differential evolution for optimal multilevel image thresholding process [29] . Image thresholding can be defined as a specific process which is responsible to find the interesting objects in the background. In this paper, they have proposed a new hybrid differential evolution technique in order to select the required optimal threshold values in segmentation and classification process. Apart from this, certain evolutionary algorithms or swarm intelligence algorithms such as particle swarm optimization, genetic algorithm are implemented during the process of thresholding. M. S. R. Naidu, et al., implemented a Fuzzy entropy-based image thresholding technique in image segmentation process [30] . The prime objective of image segmentation process is to isolate the foreground image from the background image. They have introduced new firefly algorithm that completely depends upon multilevel image thresholding technique.
F. Nie, et al., focused on generalization of entropy and its applications in the domain of image thresholding [31] . In this work, they presented an advanced approach that can manage the additive or non-extensive information present within a physical system. They used a tunable entropic parameter r during the process of image segmentation.
S. Pare, et al., introduced an advanced approach for the multilevel color image thresholding that completely depends upon modified version of fuzzy entropy and Lévy flight firefly technique [32] . which is used to enhance the image segmentation and classification process.
The main contributions of this paper are as follows: 1. Implementing an improved multi-level image thresholding method. 2. Implementing a hybrid image segmentation approach to minimize the over-segmented regions. The rest of the paper is organized as follows. Section 2, Section 2, describes the proposed solution to the spinal cord injury region detection. Section 3 describes the experimental results of proposed model to the existing models. Finally, we conclude the paper in section 4.
II. PROPOSED FEATURE SELECTION BASED SEGMENTATION AND CLASSIFICATION
Image segmentation is the process of partitioning the image into smaller regions with common homogenous features. Every individual sub-region must have homogeneous pixels. So, there is necessity of some standard segmentation approach that can be implemented in most kinds of SCI images. Image segmentation is considered the initial and standard operation to analyze and interpret spinal cord images. Thresholding based segmentation approach is used to partition the input image into smaller segments. It considers single or multiple grey level values in order to detect the boundary. Therefore, it is quite complex to select the appropriate threshold value by using histogram peaks.
The issue of thresholding becomes more complicated if the number of thresholds grows. Hence, a multilevel thresholding is the most preferred area of research in medical image processing. In case of multiple thresholding, an image can be segmented with the help of multiple threshold values. The multilevel thresholding approaches play an important role during the process of image analysis. In Otsu's technique, optimal threshold values are responsible for maximization of variance between different clusters. Here, the computational time increases rapidly with increase in the number of thresholds. Hence, there is necessity of an optimization approach in order to generate the optimal solution within specified time.
In the proposed model as shown in fig 2, an optimized feature selection measure is developed using the improved particle swarm optimization (IPSO) approach. IPSO is applied on the input spinal cord images to extract the essential features for segmentation process. IPSO is an extension of traditional PSO approach. In the proposed IPSO, a randomized Gaussian chaotic function and modified mutual information measure are optimized to extract the filtered features in the SCI images. Here 'L' represents the similarity measure computed between each particle to the local best particle. After computing the MMI and L measure, the local best and global best particles are used to find the feasible features in the image. I and I max are the current iteration and maximum iterations in the IPSO approach. After the completion of IPSO approach, essential features are marked to find the segmented regions using improved OTSU's method.
A. FEATURE SELECTION AND SEGMENTATION
In the proposed model, a hybrid feature selection-based image segmentation and classification process is implemented on spinal cord image datasets. As shown in figure 2 , initially, spinal cord images are filtered using the improved particle swarm optimization (IPSO) model in order to detect the essential features in the spinal cord images for training data. Proposed IPSO is repeated until all the features in the spinal cord image are extracted for thresholding-based segmentation process. In the threshold-based segmentation process, an enhanced OSTU's method [3] is implemented on the feature space to minimize the over-segmentation regions in the spinal cord injury detection. Finally, these segmented regions are classified using the non-linear SVM model to find the optimal SCI region in the over-segmented regions. Here, an ensemble learning based classification model is designed to choose the majority voted region among the segmented regions.
In the algorithm 1, spinal cord images are processed in order to extract the hidden features using the IPSO approach. In this approach, a hybrid particle swarm optimization is developed using the mutual information and Gaussian chaotic measure for feature extraction process. The threshold value is dependent on pixel position in local swarm optimization models. Additionally, thresholding approaches can be categorized into parametric approaches and non-parametric approaches. In parametric approaches, every individual class must have previously defined statistical distributions. In nonparametric approaches, no distribution is considered. The nonparametric approaches completely depend upon the optimization of a single criterion. According to the kind of information used, the thresholding techniques can also be categorized. The outcomes of a particular thresholding approach completely dependent on the image properties and VOLUME 7, 2019 
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proposed to perform the image segmentation on spinal cord image. The inter class variation between the foreground and background objects is processed to estimate the noise level in the over-segmentation process. The segmented regions of the spinal cord detection are used to classify the best pattern among the over-segmented region using the following nonlinear SVM formulation.
C. NON-LINEAR SVM CLASSIFICATION
In the proposed SVM classification model, a novel nonlinear kernel optimization function is implemented on the segmented regions of the spinal cord regions. Proposed kernel optimization function is used to improve the classification accuracy rate and to minimize the classification error rate.
Input: Over-segmented spinal cord regions
Step 1: Initialize the classification parameters.
Step 2: For each segmented region do do Step 3: Apply nonlinear SVM classification model using the following objective function. Here kernel function ker < s i , s j > defines the s i input segments that are mapped to s j dimensional space as:
Step 4: A new sample is predicted to the class s j based on the largest decision values as argmax {W T k s i + b k } In the proposed non-linear SVM classifier, each segmented region is classified to filter the noisy segmented oversegmented regions in the spinal cord image. The main difference between the traditional SVM to the proposed classifier is that the proposed classifier improves the overall classification accuracy compared to the traditional models for large feature segmented regions.
III. EXPERIMENTATION AND PERFORMANCE ANALYSIS A. EXPERIMENTAL SETUP AND DATASETS
Experimental results are carried out on SCI images taken from the Manipla hospital, Vijayawada. Here, training spinal segmented region for data classification problem. As the size of the segmented regions increases, proposed model efficiently classifies the regions by using the scalable classification model. Figure 4 (b) describes the segmentation of the proposed model for 7 segmented regions. Here, each color represents one segmented region for data classification problem. As the size of the segmented regions increases, proposed model efficiently classifies the regions by using the scalable classification model. Figure 4 (c) describes the segmentation of the proposed model for 3 segmented regions. Here, each color represents one segmented region for data classification problem. As the size of the segmented regions increases, proposed model efficiently classifies the regions by using the scalable classification model. Figure 4(d) describes the segmentation of the proposed model for single region merging after classification problem. Figure 5 (a), describes the test medical spinal cord image taken from SCI repository to test the segmented regions for automatic data classification problem. Figure 5 b) describe the segmentation of the proposed model for 25 segmented regions. Here, each color represents one segmented region for data classification problem. As the size of the segmented regions increases, proposed model efficiently classifies the regions by using the scalable classification model. Figure 5 c) , describes the segmentation of the proposed model for minimization of over-segmented regions after classification approach.
C. PERFORMANCE ANALYSIS
Experimental results are simulated and tested on various spinal cord images to detect the segmentation quality and classification accuracy. Different types of computational measures have been used to improve the image quality of the spinal cord vertebra injury. The mean square error, PSNR and SSIM are used to evaluate the performance of the proposed model to the existing segmentation models [5] . Here, A and B represent two adjacent segmented regions in spinal cord injury regions. θ 1 and θ 2 represents the average mean and variance of the segmented regions of A and B [6] . Three evaluation metrics were used to assess the proposed segmentation and classification performance with the traditional models. Here, SSIM gives the similarity between the two regions during the segmentation process [8] . Similarly, classification accuracy is computed using the true positive rate, recall, precision, accuracy measures. Table 1 shows the performance of the present technique on the SCI disease dataset on large feature space. Here, a novel PSO based multi-class SVM is used in the ensemble model to improve the recall and precision. Proposed classification model is better in terms of feature identification and SCI region classification. In the table1, recall and precision of the proposed model is compared with the traditional SCI classification models. The recall and precision of the proposed model is better than the traditional classification models for large over-segmented regions. Figure 6 describes the performance of the present technique on the SCI disease dataset on large data size. Here, the proposed classification model optimizes the true positive rate of the spinal cord detection compared to the existing models. Proposed classification model is better in terms of feature identification and SCI region classification. Figure 7 describes the performance of the present technique on the SCI disease dataset by using segmented feature set. In the figure, true positive rate and accuracy of the proposed model is compared with the traditional SCI classification models. The true positive rate and the accuracy of the proposed model is better than the traditional classification models for large over-segmented regions. Figure 8 shows the performance of the present technique on the SCI disease dataset on large feature space. Here, a novel PSO based multi-class SVM is used in the ensemble model to improve the true positive and accuracy rate. From the figure 7 , it is clearly observed that the proposed SCI region classification model has less error rate compared to the traditional models on large segmented regions.
From the table, it is observed that the proposed segmentation model has high SSIM measure and PSNR ratio compared to the existing techniques. Here, the inter and intra segmentation variation between the regions is improved due to optimal feature selection measure. Table 3 illustrates the comparison of the average proposed Gaussian chaotic and modified mutual information measures to the existing measures on SCI image database. In this table, the Gaussian randomization values in the proposed measure and existing measures are tabulated. Here, the Gaussian randomization in each particle initialization process is optimal compared to the existing values for local best and global best computation. Also, the mutual information of the proposed MMI measure is optimal for selecting the features in the IPSO approach than the existing MI measure. Table 4 illustrates the comparison of average inter and intra cluster variances on the SCI image database. To each threshold T, the variation of inter and intra cluster regions are computed and tabulated. From the table, it is noted that the least 0.45 value in the intra cluster variance and maximum 3.79 value in the inter cluster variance are selected in the threshold T = 15. Figure 10 , describes the computational server and its memory computational details for the simulation results. Here, the amazon web services are used for the simulation results with 48GB of RAM. In the above screenshot, amazon t3.large instance is used to simulate the segmentation-based classification approach on the SCI image dataset. Table 5 , illustrates the experimental results of proposed framework on the input spinal cord injury images. Here, five sample input SCI images are taken to test the segmentation and classification accuracy. Also, these five sample images have different disorders in terms of orientation and shape. From the table, it is noted that the proposed model has high computation accuracy in the first four input images with accuracy > 96%. Last image is the older age SCI image which contains noise in the T1-weighted and T2-weighted regions and hence the accuracy of the last image is slightly lower than the previous sample of images. 
IV. CONCLUSION
Disease prediction in high dimensional spinal cord images is one of the major issues in real-time applications due to noise or feature selection problem. Most of the traditional models are independent of segmented features for spinal cord classification problem. As the size of the spinal cord vertebra segments increases, these models fail to classify the newly added spinal cord images due to high computational time and memory. In order to overcome these issues, a novel segmentbased classification model is required to find the severity VOLUME 7, 2019 of the injury and to predict the disease patterns on the over segmented regions and features. As the number of segmented features in the SCI increase, a hybrid principal component analysis (IPCA) technique is developed to minimize the over segmented features and to optimize the noisy regions in the SCI images. In the present model, a hybrid image thresholdbased segmentation approach is developed to minimize the over-segmented regions in the spinal cord images. These segmented regions are used to classify the image using the nonlinear SVM classification approach. Experimental results proved that the present model is efficient than the existing approaches in terms of accuracy, SNR, SSIM and runtime. Experimental results proved that the present model is better in terms of accuracy, true positive, and error rate than the traditional models. In the future work, a novel multi-level segmentation-based classification approach will be implemented on the gender wise spinal cord images to improve the error rate and accuracy. Also, the noises in the T1-weighted and T2-weighted regions are optimized in order to improve the classification accuracy in the older age SCI images.
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